Chondroblastoma (CB) is a rare, benign, cartilaginous lesion of the bones that accounts for less than 1% of primary bone tumours.
INTRODUCTION
Chondroblastoma (CB) is a rare, benign, cartilaginous lesion of the bones that accounts for less than 1% of primary bone tumours. (1, 2) It typically develops from the epiphysis of skeletally immature patients. (3, 4) Peak incidence of CB is seen in the second decade of life, (5, 6) and has been reported to occur more frequently in men than in women. (5, (7) (8) (9) (10) Although CB has a predilection for tubular bones such as the humerus, femur, tibia and metatarsus, (7, 11) it can also be found in non-tubular bones (NTBs) such as flat bones (i.e. skull, maxilla and pelvis) (7) and epiphysoid bones (i.e. trapezium, (12) cuboid, (13, 14) talus (15, 16) and patella (17) ).
Multifocal benign CB has also been reported. (7) Radiological findings of CB include an osteolytic lesion located in the epiphysis or apophysis. A thin sclerotic rim and extension into subarticular bone or metaphysis is also well recognised, with metaphyseal involvement occurring in 25%-50% of patients. (8) Calcific foci within the lesion have been reported in 30%-50% of patients, although the degree of calcification is variable. (8) Radiological findings may remain nonspecific in patients when calcification is not visible or atypical features are encountered. (18) Magnetic resonance (MR) imaging of CB may help confirm radiographic diagnosis in certain patients. The features of CB on MR imaging include hypointense T2 signal in some portions of the lesions, (18) (19) (20) (21) (22) (23) adjacent bone marrow oedema and soft tissue oedema, periosteal reaction or periostitis, (18) (19) (20) (21) (22) (23) (24) and fluid-fluid level. (25) However, these MR imaging features have subsequently been reported in multiple types of osseous lesions (24, 25) other than CB, resulting in decreased specificity of MR imaging for differential diagnosis of CB. We observed that a substantial number of patients with CB in our hospital had lesions in NTBs.
In 1973, McLeod and Beabout (26) 
METHODS
This study was approved by the ethics committee at the Ramathibodi Hospital, Bangkok, Thailand (ID-10-52-01). We retrospectively reviewed the medical records of all patients with pathologically proven CB at our hospital during a 37-year period (27) Bones of origin were classified based on their gross appearances as either tubular bones (i.e. extremities and ribs) or NTBs, which included flat bones (such as the trunk, skull, scapula, sternum and pelvis) and epiphysoid bones (such as the patella, carpal and tarsal bones), in accordance with the guidelines of Dorfman and Czerniak. (28) For 13 patients (6 men, 7 women; mean age 19 [range years), additional MR imaging (n = 10) and multidetector computed tomography (CT; n = 2) studies were available, with both MR imaging and CT findings available for one patient. 
RESULTS
A total of 18 lesions were found in tubular bones (femur, n = 8; tibia, n = 6; humerus, n = 3; fibula, n = 1), and located in the epiphysis (n = 8), metaepiphysis (n = 8) and metaphysis (n = 2) (Fig. 1) . A total of 13 lesions were seen in NTBs (talus, n = 7; calcaneum, n = 3; patella, n = 1; sternum, n = 1; scapula, n = 1) (Fig. 2) . On plain radiographs, all lesions showed geographic bone 
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2a 2b 2c
destruction and did not involve the adjacent joints. Table I (Table II) . After age adjustment, the type of trabeculation did not show any significant relationship with the type of bone involvement. Based on radiological findings (without age adjustment), thin trabeculation was found to be significantly correlated with NTBs (p = 0.046) and thick trabeculation showed weak association with CB in tubular bones, although no statistical significance was found (Table III) (Table I) . This implied a correlation between increasing ICS/ABC size on CT/MR imaging and increasing radiological size of tumour in each dimension, although this association was not found to be statistically significant (Table IV) 
DISCUSSION
We found that the incidence of NTB involvement in patients with CB was significantly higher in older patients (mean age 24 years) than in patients with tubular bone involvement (mean age 16 years). This finding is in agreement with Bloem and Mulder's study of 104 patients with CB, which reported that patients with tumours located in flat or short tubular bones were older (mean age 28 years) than those with tumours in the long bones (mean age 16 years). (29) Similar observations were made by Ramappa et al, (30) although the authors did not investigate this aspect in detail. Multivariate analysis in our study also revealed that age was significantly associated with the type of bone involvement. An increase in age by one year was found to be associated with a reduced risk of tubular bone involvement by nearly 27% compared to lesions in NTBs. It is likely that this finding is related to the closure of the epiphyseal plate with increasing age. In our study, the key radiological difference between CB lesions in NTBs and those in tubular bones was that thin trabeculation was more commonly found in NTBs than in tubular bones. Also, there was significant association between thin trabeculation and NTB involvement on both univariate and multivariate analyses. Reported to be rare in cases of CB, Lodwick et al (27) has previously suggested that trabeculation was an atypical feature in the diagnosis of CB. Nevertheless, Bloem and Mulder observed a higher incidence of trabeculation in flat bones (67%) than in long bones (53%). (29) Our results,
although not identical to Bloem and Mulder's, likewise revealed a higher incidence of trabeculation in CB lesions of NTBs and tubular bones. Overall, trabeculation was found in 84% of lesions, affecting 92% and 78% of lesions in NTBs and tubular bones, respectively. In our cohort of patients, NTB lesions were significantly associated with thin trabeculation (77%), whereas Aronsohn et al (10) found that 92% of CB lesions had distinct, well-defined margins throughout. The only lesion found to have a poorly defined margin was likely related to its large size (14 cm). (10) In our study, we found well-defined margins in 71% of the lesions (22/31) . NTB lesions were associated with welldefined margins (92%) in our patients. Tubular bone lesions, however, showed a higher frequency of partially ill-defined margins (44%) than NTB lesions (8%). These findings, which were statistically significant, concur with Bloem and Mulder's findings that a majority of tumours had sharp margins, and that ill-defined margins were detected in some parts in 26% of long bone lesions. (29) In our study, periosteal reaction was found in 5 (16%) tubular bone lesions, with lamellated periosteal reaction being the most common (4/5). McLeod and Beabout, (26) and Aronsohn et al (10) reported that 10% of CB lesions exhibited dense periosteal reaction and coarse parallel lamination. Studying radiographic periostitis in CB, Brower et al reported a thick, solid or layered periosteal response in 53% of lesions in long bones, and in 15% of lesions located in other parts of the skeleton. (22) Our results also suggest that periosteal reaction has a greater association with CB in long bones than with CB in other types of bone (p = 0.058).
Ta b l e I V. C o r r e l a t i o n b e t w e e n t h e i m a g i n g s i z e o f
Soft tissue involvement in our patients, which was evaluated from the best available imaging modality, was more frequently found in lesions of tubular bones than in NTBs, although this was not statistically significant on multivariate analysis. Other studies have suggested that periosteal reaction and soft tissue involvement (mainly soft tissue oedema), when present, are more easily detected by MR imaging than plain radiographs, and that they are the result of inflammatory reaction. (18, 19, 21, 23) However, these reports did not mention any differences in periosteal reaction and soft tissue involvement between long bones and other types of bone.
The talus (7/13) was the most commonly involved NTB in our study, possibly because the origination of benign, cartilageforming tumours is usually closely related to the growth of cartilage. (31, 32) The talus is a bone uniquely different from others, as it grows by enchondral ossification within cartilage anlagen. (33) When ossification of the cartilage anlagen is complete, two-thirds of the talar surface would be covered by articular cartilage. (34, 35) This may thus entail a higher likelihood of developing cartilage tumour in the talus than in other bones. While McLeod and
Beabout found cortical expansion in more than half of the 72 lesions in their study, (26) our results suggest that cortical expansion in NTBs (15%) was less common than in tubular bones (22%).
Our findings are also contrary to those of Bloem and Mulder, who reported cortical expansion in 63% and 31% of flat and long bone lesions, respectively. (29) Similarly, although McLeod and Beabout reported areas of local cortical destruction in only 5 (7%) lesions in their study, (26) we found 11 out of 31 (35%) lesions with local cortical destruction among our patients, similar to the finding of 30% by Bloem and Mulder. (29) We also found that of the 11 lesions with local cortical destruction, only six had cortical expansion, suggesting that CB may be associated with cortical destruction not preceded by cortical expansion.
Secondary ABC, considered a complication that can cause marked expansion and blowout features in CB, is seen pathologically in about 15%-20% of patients and is most common in the tarsal bones. (36) On imaging studies, particularly CT and MR imaging, it is difficult to differentiate between ICS and ABC, as blood may appear as simple fluid after haemolysis.
ICS and ABC were therefore recorded as a single entity in our study. We found that the increasing radiological size of CB in each dimension was related to the increasing size of ICS/ABC detected on CT/MR imaging, although the association was not There are some limitations in this study. First, the statistical power of the study is limited by its small sample size. Second, as a retrospective study spanning 37 years, the data collected were not comprehensive and complete for all enrolled patients, as only plain radiographs were available for the earlier patients at the time of analysis. This shortcoming could limit the validity of our analysis in certain aspects, such as the presence of ICS or soft tissue involvement. Third, as three-dimensional imaging was not routinely performed, the sizes of the tumour and ICS in our patients were calculated based on two-dimensional measurements instead of volume. Therefore, it is possible that these results may not be as accurate or representative of the actual size of the lesions.
In summary, we found that CB in NTBs occurred in patients who were significantly older than those with lesions in tubular bones. We also found that an increase of one year in age reduces the risk of tubular bone involvement by nearly 27% compared to NTBs. On imaging alone, CB in NTBs was significantly correlated with thin trabeculation, whereas lesions in tubular bones appeared to be associated with thick trabeculation. To our knowledge, no previous study in the literature has described such associations.
NTB lesions were also more likely than tubular bones lesions to have well-defined margins without periosteal reaction.
